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1.1. ISO definition of heat stress 
$ IRUPDO GHILQLWLRQ RI KHDW VWUHVV JLYHQ E\ ,62  VWDQGDUGV LV ³$ SHUVRQ H[SRVHG WR D KRW
HQYLURQPHQWLVVXEMHFWHGWRKHDWVWUHVV LQSDUWLFXODU LVGHSHQGHQWXSRQWKHSURGXFWLRQRIKHDWLQVLGH
WKH ERG\ DV D UHVXOW RI SK\VLFDO DFWLYLW\ DQG WKH FKDUDFWHULVWLFV RI WKH HQYLURQPHQW JRYHUQLQJ KHDW
WUDQVIHUEHWZHHQWKHDWPRVSKHUHDQGWKHERG\´











VHULRXVPHGLFDOFRQGLWLRQ VXFKDVKHDUWRU OXQJGLVHDVHV+HDW UHODWHGPRUWDOLW\ LVFHUWLILHGDVGHDWK
IURPKHDWVWURNHRUK\SHUWKHUPLDZKHQERG\WHPSHUDWXUHULVHVDERYH&)>@
7KHUPRUHJXODWLRQ
7KHUPRUHJXODWLRQ LV WKH ERG\¶V DELOLW\ WR PDLQWDLQ ERG\ FRUH WHPSHUDWXUH DURXQG D VHWSRLQW
WHPSHUDWXUH RI DSSUR[LPDWHO\ & ZLWK D QRUPDO UDQJH RI  WR &>@>@7HPSHUDWXUH
UHJXODWLRQ LV FULWLFDO WR KRPHRVWDWLF IXQFWLRQ DQG LV OLQNHG WR WKHUPRJHQHVLV PHWDEROLF KHDW
SURGXFWLRQ 7KH JRDO RI WHPSHUDWXUH UHJXODWLRQ LV WR PDLQWDLQ WKLV UHODWLYHO\ QDUURZ UDQJH RI
KRPHRVWDWLFWHPSHUDWXUHIRURSWLPDOSK\VLRORJLFDOIXQFWLRQ+HDWEDODQFHLVJHQHUDOO\WKHVXPRIKHDW




$GGLWLRQDOO\ WKH KHDW EDODQFH HTXDWLRQ PD\ LQFRUSRUDWH KHDW SURGXFWLRQ IURP SK\VLFDO ZRUN RU
H[HUFLVHZRUN7KHPDWKHPDWLFDOUHODWLRQEHWZHHQWKHVHYDULDEOHVLVUHSUHVHQWHGDV






+HDW ORVV LV WKH PRYHPHQW RI KHDW GRZQ WKH WKHUPDO JUDGLHQW IURP KLJK WR ORZ WHPSHUDWXUH DQG
SULPDULO\RFFXUVE\RQHRIPRUHRIWKHIROORZLQJIRXUSURFHVVHV
D (YDSRUDWLRQLVKHDWORVVWKURXJKWKHFRQYHUVLRQRIVZHDWDVZDWHURQWKHVNLQLQWRZDWHUYDSRU





JUHDWO\ E\ HQYLURQPHQWDO FRQGLWLRQ +RZHYHU UDGLDWLRQ KHDW ORVV LV PLQLPDO GXULQJ
XQFRPSHQVDEOHKHDWJUDLQIRXQGZLWKH[HUFLVHLQWKHUPDOSURWHFWLYHFORWKV
F &RQYHFWLRQLVKHDWORVVGRZQWKHWKHUPDOJUDGLHQWE\WKHWUDQVIHUHQFHRIKHDWIURPDQREMHFWWR
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$GGLWLRQDOO\KHDWORVVLVKLJKO\GHSHQGHQWRIWKHDPELHQWWHPSHUDWXUHDQGKXPLGLW\RIHQYLURQPHQW
7KLVFRPSOH[FRRUGLQDWLRQRIWKHUPRUHJXODWRU\SURFHVVHVLVSULPDULO\UHJXODWHGE\WKHSUHRSWLFDUHD
RI WKH DQWHULRU K\SRWKDODPXV 7KH SUHRSWLF DUHD RI WKH DQWHULRU K\SRWKDODPXV LV UHVSRQVLEOH IRU
JHQHUDWLQJDXWRQRPLFHQGRFULQHPRWRUDQGEHKDYLRUDOUHVSRQVHVWRDQHQYLURQPHQWDOVWLPXOXV>@
+\SRWKHUPLD DQG K\SHUWKHUPLD PDQLIHVW ZKHQHYHU WKH ERG\ LV XQDEOH WR PDLQWDLQ QRUPDO FRUH
WHPSHUDWXUH GXH WR LQWHUQDO DQG H[WHUQDO IDFWRUV+\SRWKHUPLD LV D FROOHFWLRQ RI V\PSWRPV UHVXOWLQJ
IURPDGHFUHDVH LQFRUH WHPSHUDWXUHGXHWR WKHERG\¶V LQDELOLW\ WR LQFUHDVH WKHUPRJHQHVLV WRFRXQWHU
UDSLG KHDW ORVV $W WKH RWKHU HQG RI WKH WKHUPDO VSHFWUXP LV K\SHUWKHUPLD +\SHUWKHUPLD LV WKH
FROOHFWLRQRI V\PSWRPV UHVXOWLQJ IURPDQ LQFUHDVH LQFRUH WHPSHUDWXUHGXH WR WKHERG\¶V LQDELOLW\ WR
DGHTXDWHO\ GLVVLSDWH KHDW WKURXJK LQFUHDVHG VZHDWLQJ DQG VNLQ EORRG IORZ LQ WKH SUHVHQFH RI DQ
XQFRPSHQVDEOH KHDW JDLQ ([HUFLVH FORWKLQJ DQG DPELHQW FRQGLWLRQV PD\ LQFUHDVH ERG\ FRUH
WHPSHUDWXUHH[FHHGLQJWKHKRPHRVWDWLFXSSHUOLPLW
)DFWRUVJRYHUQLQJKHDWVWUHVV









0RVW RI WKH KHDW UHODWHG LOOQHVV RFFXUVZKHQ D YLFWLP LV H[SRVHG WR KHDW RU WKH SHUVRQ KDV RYHU
H[HUFLVHGIRUWKHLUDJHDQGRUSK\VLFDOFRQGLWLRQ:KHQH[WUHPHKHDWLVDWLWVPRVWGHDGO\LWFDQNLOOE\
IRUFLQJWKHKXPDQERG\WRFRROLWVHOIGRZQEHORZLWVFDSDFLW\VORZLQJWKHSURFHVVE\ZKLFKQRUPDO








$V GHVFULEHG HDUOLHU KXPDQ EHLQJ LV D KRPHRWKHUPDO DQLPDO :H PDLQWDLQ D FRQVWDQW LQWHUQDO
WKHUPDOVWDWHLQVSLWHRIYDU\LQJWKHUPDOVWDWH ,IDSHUVRQLVFRQVWDQWO\ZRUNLQJLQDKRWHQYLURQPHQW
















































































































































FUHDWLQJ D EHWWHU SODFH WRZRUN 7KHVH DOVR KHOS XV WR UHGXFH WKH DFFLGHQWV WDNLQJ SODFH GXH WR WKH
H[FHVVLYH DPRXQW RI KHDW LQ WKH ZRUNLQJ HQYLURQPHQW )URP \HDUV VHYHUDO LQYHVWLJDWRUV KDYH
FRQVLGHUHG GLIIHUHQW SDUDPHWHUV UHVSRQVLEOH IRU KHDW VWUHVV DQGPDQ\ VXFK LQGLFHV DUH GHYHORSHG WR




6U1R <HDU ,QGH[ $XWKRUV
  :HWEXOEWHPSHUDWXUH7Z +DOGDQH
  .DWDWKHUPRPHWHU +LOOHWDO
  (IIHFWLYHWHPSHUDWXUH(7 +RXJKWRQ	<DJORX
  (TXLYDOHQWWHPSHUDWXUH7HT 'XIWRQ
  &RUUHFWHGHIIHFWLYHWHPSHUDWXUH&(7 9HUQRQ	:DUQHU
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  2SHUDWLYHWHPSHUDWXUH2SW :LQVORZHWDO
  7KHUPDODFFHSWDQFHUDWLR7$5 ,RQLGHVHWDO
  ,QGH[RISK\VLRORJLFDOHIIHFW(S 5RELQVRQHWDO
  &RUUHFWHGHIIHFWLYHWHPSHUDWXUH&(7 %HGIRUG
  3UHGLFWHGKVZHDWUDWH365 0F$UGHOHWDO
  5HVXOWDQWWHPSHUDWXUH57 0LVVHQDUGHWDO
  &UDLJ,QGH[, &UDLJ
  +HDWVWUHVVLQGH[+,6 %HOGLQJ	+DWFK
  :HWEXOEJOREHWHPSHUDWXUH:%*7 <DJORX	0LQDUG
  2[IRUGLQGH[:' /LQG	KHOORQ
  'LVFRPIRUWLQGH[', 7KRP
  7KHUPDOVWUHVVLQGH[76, /HH	+HQVFKHO
  'LVFRPIRUWLQGH[', 7HQQHQEDXPHWDO
  &XPXODWLYHGLVFRPIRUWLQGH[&XP', 7HQQHQEDXPHWDO
  ,QGH[RISK\VLRORJLFDOVWUDLQ,V +DOO	3ROWH
  ,QGH[RIWKHUPDOVWUHVV,76 *LYRQL
  +HDWVWUDLQLQGH[FRUUHFWHG+,6 0F.DUQV	%ULHI
  3UHGLFWLRQRIKHDUWUDWH+5 )XOOHU	%URXKD




  3UHVFULSWLYH]RQH /LQG
  1HZHIIHFWLYHWHPSHUDWXUH(7 *DJJHHWDO
  :HWJOREHWHPSHUDWXUH:*7 %DWVIRUG
  +XPLGRSHUDWLYHWHPSHUDWXUH 1LVKL	*DJJH
  3UHGLFWHGERG\FRUHWHPSHUDWXUH *LYRQL	*ROGPDQ
  6NLQZLWWHGQHVV .HUVODNH
  6WDQGDUGHIIHFWLYHWHPSHUDWXUH6(7 *DJJHHWDO
  3UHGLFWHGKHDUWUDWH *LYRQL	*ROGPDQ
  6NLQZLWWHGQHVV *RQ]DOHVHWDO
  )LJKWHULQGH[RIWKHUPDOVWUHVV),76 1XQQHOH\	6WULEOH\
  (IIHFWLYHKHDWVWUHVVLQGH[(+6, +DPRQ	5\DQ
  3UHGLFWHGVZHDWORVVPVZ 6KDSLURHWDO
  5HTXLUHGVZHDWLQJ6:UHT ,62
  3UHGLFWHGPHDQYRWHPRGLILHG309 *DJJHHWDO
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  &XPXODWLYHKHDWVWUDLQLQGH[&+6, )UDQNHWDO
  3K\VLRORJLFDOVWUDLQLQGH[36, 0RUDQHWDO
  0RGLILHGGLVFRPIRUWLQGH[0', 0RUDQHWDO
  (QYLURQPHQWDOVWUHVVLQGH[(6, 0RUDQHWDO
  :HWEXOEGU\WHPSHUDWXUH:%'7 :DOODQFHHWDO





7.1. Screening tests 
7KHVH DUH EDVHG RQ %RG\0DVV ,QGH[ %0, DQG DHURELF FDSDFLW\ DQG DUH GHVLJQHG WR H[FOXGH
SHRSOHZLWKNQRZQULVNIDFWRUVIRUKHDWVWURNHIURPZRUNLQJLQWKHHQWHUSULVHPLQH








7.4. Work breaks 
0DQ\FRXQWULHVKDYHDGRSWHGWKLVVWUDWHJ\LQUHFHQW\HDUV7RHQVXUHWKDWWKHFRUHERG\WHPSHUDWXUH
GRHV QRW H[FHHG & OLPLWV VKRXOG EH VHW XVLQJKHDW VWUHVV LQGLFHV VXFK DV:%*7$SSUR[LPDWHO\
ZRUNEUHDNVVKRXOGEHGHVLJQHGDURXQGWKHVHOLPLWVWRUHGXFHWKHOHYHORIKHDWVWUHVV
7.5. Job rotation 
7KLVVWUDWHJ\HQVXUHVDGHTXDWHUHFRYHU\WLPHEHWZHHQVKLIWVDIWHUZRUNLQYHU\KRWHQYLURQPHQWV
7.6. Engineering controls 
(QJLQHHULQJ VWUDWHJLHV VKRXOG EH EDVHG RQ LPSURYLQJPHFKDQL]DWLRQ WRPLQLPL]H KLJKPHWDEROLF
UDWHV 5RERWLFV DQG MRE UHGHVLJQ WR FRXQWHU KHDW RYHUH[SRVXUH XVH RI VKLHOGLQJ UHIULJHUDWLRQ DQG
LQFUHDVHGDLUIORZ
7.7. Acclimatization 
7KLV SURFHVV KDV EHHQ XVHG IRUPDQ\ \HDUV DV DQ LPSRUWDQWPHWKRG RI UHGXFLQJ WKH ULVN RI KHDW
FDXVHGLOOQHVVHV9DU\LQJSURWRFROVKDYHEHHQDGRSWHGE\PLQLQJRSHUDWLRQVIRUWKLVSXUSRVHDQGWKH
FXUUHQW WUHQG RI VFUHHQLQJ ZRUNHUV IRU SK\VLRORJLFDO ULVN SDUDPHWHUV IROORZHG E\ RQWKHMRE
DFFOLPDWL]DWLRQ
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7.9. Heat stress index 





7.11. Health and safety medical protocols 
7KHVHVKRXOGEHFRQGXFWHGDWUHJXODULQWHUYDOVWRHQVXUHWKDWKHDWLOOQHVVLVDYRLGHGRUSULFNHGXSDW




+HDW VWUHVV LV D YHU\ VHULRXV LVVXH LQ WKH FRQVWUXFWLRQ FLYLO HQJLQHHULQJ DQG PLQLQJ IUDWHUQLW\
:RUNHUVZRUNLQJLQVXFKKRWHQYLURQPHQWFDQIDFHVHULRXVKHDOWKSUREOHPVLIWKHRUJDQL]DWLRQLVQRW
WDNLQJSURSHUFDUHRIWKLVLVVXH(YHU\RUJDQL]DWLRQPXVWIROORZDSURSHUZRUNUHVWUHJLPHQDFFRUGLQJ





 $JUDZDO 6 DQG *XSWD '  ³%HKDYLRUDO FKDQJHV LQ DOELQR UDWV GXH WR UHSHWLWLYH KHDW VWUHVV RI PRGHUDWH OHYHO´
International Journal of Medical Science and Public Health
 $VKOH\&'/XHFNH&/6FKZDUW]66,VODP0=DQG%HUQDUG7(³+HDWVWUDLQDWWKHFULWLFDO:%*7DQG
WKHHIIHFWVRIJHQGHUFORWKLQJDQGPHWDEROLFUDWH´Inernational Journal of Industrial Ergonomics




 &DVWHOODQL - :  3K\VLRORJ\ RI +HDW 6WUHVV ,Q / ( $UPVWURQJ (G Exertional Heat Illnesses SS 
&KDPSDLJQ,/+XPDQ.LQHWLFV
 &KDQ $3& <L : &KDQ ':0 0 $6&( DQG :RQJ '3  ³8VLQJ WKH WKHUPDO ZRUN OLPLW DV DQ
HQYLURQPHQWDOGHWHUPLQDQWRIKHDW VWUHVV IRUFRQVWUXFWLRQZRUNHUV´Journal of Management in Engineering

 'HKJKDQ+0RUWD]DYL6%-DIDUL0-DQG0DUDF\05³(YDOXDWLRQRIZHWEXOEJOREHWHPSHUDWXUHLQGH[IRU
HVWLPDWLRQRIKHDWVWUDLQLQKRWKXPLGFRQGLWLRQLQWKH3HUVLDQ*XOI´Journal of Research in Medical Sciences
 'HVKPXNK'-³0LQHILUHVDQGVSRQWDQHRXVKHDWLQJ´Elements of Mining Technology Vol.2, Denett& Co., ,QGLD

 'RQRJKXH $0 6LQFODLU 0- DQG %DWHV *3  ³+HDW H[KDXVWLRQ LQ D GHHS XQGHUJURXQG PHWDOOLIHURXV PLQH´
Occupational and Environmental Medicine
 (SVWHLQ<DQG0RUDQ'6³7KHUPDOFRPIRUWDQGKHDWVWUHVVLQGLFHV´Industrial Health
 *ROEDEDHL)0RQD]]DP05+HPDWMR5+RVVHLQL0DQG'HKJKDQ6)³7KHDVVHVVPHQWRIKHDWVWUHVVDQG
KHDWVWUDLQLQ3DUGLV3HWURFKHPLFDO&RPSOH[7HKUDQ,UDQ´International Journal of Occupational Hygiene
 +DQFRFN 3$ DQG 9DVPDW]LGL ,  ³+XPDQ RFFXSDWLRQDO DQG SHUIRUPDQFH OLPLWV XQGHU VWUHVV 7KH WKHUPDO
HQYLURQPHQWDVDSURWRW\SLFDOH[DPSOH´Ergonomics, 
 +DUWPDQ +/ 0XWKQDQVN\ -0 5DPDQL 59 DQG :DQJ <-  ³+HDW VRXUFHV DQG HIIHFWV LQ PLQH´Mine 
Ventilation and Air Conditioning, John Wiley and Sons86$




 ,VPDLO $5 +DQLII 0+0 DQG 'HURV %0  ³,QIOXHQFH RI ZHWEXOE JOREH WHPSHUDWXUH :%*7 WRZDUGV
ZRUNHUV¶SHUIRUPDQFH$Q$QQRYD$QDO\VLV´National Conference in Mechanical Engineering Research and Postgraduate 
Students
 ,62  ³+RW HQYLURQPHQWV$QDO\WLFDOGHWHUPLQDWLRQ DQG LQWHUSUHWDWLRQRI WKHUPDO VWUHVVXVLQJ FDOFXODWLRQRI
UHTXLUHGVZHDWUDWH´International Organization for Standardization, *HQHYD
 ,62³+RWHQYLURQPHQWV(VWLPDWLRQRIWKHVWUHVVRQZRUNLQJPDQEDVHGRQWKH:%*7LQGH[´International 
Organization for Standardization, *HQHYD
 ,62   ³(UJRQRPLFV 'HWHUPLQDWLRQ RI PHWDEROLF KHDW SURGXFWLRQ´ International Organization for 
Standardization, *HQHYD
 .LHOEORFN $- DQG 6FKXWWH 3&  ³+XPDQ KHDW VWUHVV %DVLF SULQFLSOHV FRQVHTXHQFHV DQG LWV PDQDJHPHQW´
Minesafe International Conference Proceedings, International Conference on Occupational Health and Safety in the 
Mineral Industry, Perth
 .QRZOWRQ.0LULDP5(.LQJ*0DUJROLV+*6PLWK'6RORPRQ*7UHQW5DQG3DXO(³7KH
&DOLIRUQLDKHDWZDYH ,PSDFWVRQKRVSLWDOL]DWLRQ DQG HPHUJHQF\GHSDUWPHQWYLVLWV´Environmental Health Perspectives

 /DKH\-:³:KDWWRGRZKHQWKHKHDW¶VRQ´National Safety News,
 /LQ &+ /LQ 73 DQG+ZDQJ 5/  ³7KHUPDO FRPIRUW IRU XUEDQ SDUNV LQ VXEWURSLFV8QGHUVWDQGLQJ YLVLWRU¶V









VWDQGDUGVIRUPLQLQJLQKRWHQYLURQPHQWV´Mining Enforcement and Safety Administration, United States Department of 
the Interior, MESA Report No. 1048,
 0RUDQ'6DQG(SVWHLQ<³(YDOXDWLRQRIWKHHQYLURQPHQWDOVWUHVVLQGH[(6,IRUKRWGU\DQGKRWZHWFOLPDWHV´
Industrial Health, 
 1DWLRQDO ,QVWLWXWH IRU 2FFXSDWLRQDO 6DIHW\ DQG +HDOWK 1,26+  ³&ULWHULD IRU D UHFRPPHQGHG VWDQGDUG
2FFXSDWLRQDOH[SRVXUHWRKRWHQYLURQPHQWV´NIOSH publication no. 72-10269.&LQFLQQDWL2+1,26+
 1DWLRQDO ,QVWLWXWH IRU 2FFXSDWLRQDO 6DIHW\ DQG +HDOWK 1,26+  ³&ULWHULD IRU D UHFRPPHQGHG VWDQGDUG




 3D\QH 7 DQG 0LWUD 5  ³$ UHYLHZ RI KHDW LVVXHV LQ XQGHUJURXQG PHWDOOLIHURXV PLQHV´ Proceedings of 12th
U.S./North American Mine Ventilation Symposium 2008-Wallace (ed),
 5RZOLQVRQ6<XQ\DQMLD$/L%DQG&KXDQMLQJMX&³0DQDJHPHQWRIFOLPDWLFKHDWVWUHVVULVNLQFRQVWUXFWLRQ





 6LQJK&3³(QYLURQPHQWDOKHDOWK´Occupational Safety and Health in Industries and Mines,Nagpur Times Press, 
,QGLD
 :+2³+HDOWKIDFWRUVLQYROYHGLQZRUNLQJXQGHUFRQGLWLRQVRIKHDWVWUHVV´World Health Organisation, Technical 
Report Series,412, Geneva. 
 :+2³+HDWZDYHV,PSDFWVDQGUHVSRQVHV´Briefing note for the 53rd session of the WHO Regional Committee for 
Europe, Vienna, Australia
 <RRSDW 3 7RLFKDURHQ 3 *OLQVXNRQ 7 9DQZRQWHUJKHP . DQG /RXKHYDDUD 9  ³(URJRQRPLFV LQ SUDFWLFH
3K\VLFDOZRUNORDGDQGKHDWVWUHVVLQ7KDLODQG´International Journal of Occupational Safety and Ergonomics
 =KDRJXL 6 =KRQJDQ - DQG =KRQJTLDQJ 6  ³6WXG\ RQ WKH KD]DUG RI GHHS H[SORLWDWLRQ LQ KLJKWHPSHUDWXUH
PLQHVDQGLWVHYDOXDWLRQLQGH[´Procedia Earth and Planetary Science

,QWHUQHW85/¶6
 $QRQ\PRXV³+HDWVWUHVV LQPLQLQJ´KWWSPVKDJRYV	KLQIRKHDWVWUHVVPDQXDOKHDWPDQXDOKWPDVVHVVHGRQWK$XJXVW

 1'79KWWSZZZQGWYFRPWRSLFKHDWZDYHGHDWKVDVVHVVHGRQUG0DUFK
 1HZ<RUN&LW\1<&2IILFHRI(PHUJHQF\0DQDJHPHQWKWWSQ\FJRYKWPORHPKWPOKD]DUGVKHDWVKWPO0DUFK
DVVHVVHGRQUG0DUFK
 1,26+³3URWHFWLQJ\RXUVHOIIURPKHDWVWUHVV´KWWSZZZFGFJRYQLRVKGRFVDVVHVVHGRQWK$XJXVW
 26+$³+HDWVWUHVV´KWWSZZZGROLVWDWHPQXV26+$3')KHDWBVWUHVVBJXLGHSGIDVVHVVHGRQWK2FWREHU
